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Abstract Occupational studies of aircrew m civil or mil¬ 
itary aviation did not receive much attention until the be¬ 
ginning of this decade Since 1990. a number of epidemi¬ 
ological studies has been published on the cancer risk 
among flight personnel. Their results are equivocal: e.e- 
vated cancer risks nave been observed in >oine vtudiev but 
not in others. The exposure situation for pilots and flight 
attendants is unique with respect to several factors and par¬ 
ticularly in that eo.sm; c rays contri bure substanti all v to their 
cumulative radiation dose The average annual doses re¬ 
ceived are relatively low. however, and commonly range 
between 1 and 6 nrtSv. Results or epidemiological studies 
are presented as well as information on planned studies 


Introduction 

r 

Until recently, toe occupational epidemiology m ’.nghiper 
sonnel of airlines and in the military, a ctoup of persons 
with specific occupational exposures, has been paid little 
attention More recently, interest has increased, but a short¬ 
age of tacts still remains concerning the life expectancy 
and causes of death among pilots and cabin crew Com¬ 
mercial airline pilots and cabin crew have a unique work¬ 
ing environment with exposure to know n or suspected car¬ 
cinogens or mutagens, in particular ionising radiation. 
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ozone and jet engine emissions as well as electromagnetic 
fields. Lifestyle factors such as irregular working hours, 
inadequate diet and disruptions of the circadian rhythm 
may furthermore play a role in theircanccf risk. Cabin at¬ 
tendants are additionally exposed to passive smoking So 
far. few epidemiological studies have been carried out to 
determine the mortality and cancer incidence of aircrew s. 
This paper reviews these studies, summarises the current 
epidemiologic a! knowledge on the cancer risk among flight 
personnel and describes planned and ongoing investiga¬ 
tions. 


Occupational exposure Of Hying personnel 

Cosmic radiation 

Among others, exposure to cosmic radiuticn is an impor¬ 
tant occupational n>k factor lor the group under consider¬ 
ation. Natural sources of radiation include radioachve sub¬ 
stances in the earth and cosmic rays. Dose rates in the air 
are about 30 nSv/b at sea level tor any latitude and increase 
to about 5-10 pSv/h at flight altitude depending on the lat¬ 
itude. It can reach a maximum of 19 uSv/h in times of min¬ 
imal solar activities, such as occurred in 1965. Neutrons 
contribute significantly to the equivalent dose of cosmic 
radiation at flight altitudes of jet aeroplanes [ 11. During the 
past few years, several investigations have been performed 
to estimate and to measure the effective equivalent dose 
: !--t] In their 1988 report. UNSjCfcAR (21 estimated the 
equivalent dose-rates 3t an altitude of 10 000 to 12 000 m 
to be 10 pSv/h. ot which about 30 c f—60“vir is due to neu¬ 
trons. A.I an average altitude of 8(8)0 m, U'NSCF.AR esti¬ 
mated the effective dose rate for commercial flights as 
2 qSvVh. For German pilots flying transatlantic routes, an 
equivalent dose of 5 3 pSvfh was calculated by the Ger¬ 
man Radiation Protection Commission (SSK). resulting 
in 3.2 mSv/year for 600 flight-hours [5|, The potential 
annual maximum equivalent dose wax estimated to be 
8 3-8.7 mSv/year [5]. An exposure of 6 pSv/h was ob- 
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tamed by a measuremem programme earned out bv Brn 
ish Airways or board long-baul aircraft .of These expo- 
cures are vs ithin the range of the regulations tor occupa¬ 
tionally exposed personnel ana are similar to the actual ex¬ 
posure due to ionising radiation that workers in nuclear 
power stations receive ' However, these levels are only 
-sirsfatty higher than annual exposures due 10 natural hack - 
around radiation - about 2.4 mSv i 


Other potential risk factors 


e jp/in 

eir of: 


pational environmertrnf flight crew-. Pilots are exposed to 
electromagnetic fields ranging from 400 Hz to several 
(jHr.. resulting in exposures ranging turn t) 2 to I 7 uT in 
the cabin (Nicolas e: al., manuscript submittedi. tu ozone 
and to tet engine emissions including benzene P, S). Diet 
and constipation may additionally play a role lor the health 
of Highi personnel in view- of alterations in bowel transit 
times due io disruptions of the circadian r.iyihm Cabin at¬ 
tendants are exposed to passive smoking |V‘. although 
more recendv an increasing number of airlines have 
adopted a non-smoking policy In terms of overall mortal- 
tiy and life expectancy, aircraft accidents are obviously d 
more important occupational n>k for pilots ar.d flight crews 
in comparison with the normal population. 


Cancer risk Along persons exposed 
to low-dose radption 

ionising radiation ha' been shown tu be carcinogenic to hu- 
iruns. although the effect at low Joses is still being cebated 
1101. Its street is cnaracterisca by a strong dependency on 
time since exposure, with leucaemias occurring early and 
solid tumours appearing late. .Numerous occupational co¬ 
horts <>f nuclear workers exposed to low levels cf radiation 
have been carried out. with inconsistent results. The IARC 
l International Agency for Research on Cancer) study group 
on cancer risk among nuclear industry workers published 
the results of a mortality study using data combining seven 
cohorts from three different countries [II. 12]. Estimates 
m this evaluation are very close to current radiation protec¬ 
tion recommendations derived Irom extrapolation models 
using data from atomic bomb survivors. However, persons 
who work in the nuclear industry arc predominantly ex¬ 
posed to eutnrtia-radiation. while airline crews are exposed 
to cosmic radiation, or which up to 60fc of the equivalent 
Jose may be due to neutrons 12]. 


Current recommendi»tion* tiom ICRP JUO mS^ over 5 years not 
exceeding 50 mSv m \ year: German re^uld'-irTtN 400 mSv lifetime 
do<ie. not exceeding 50 mSv ir, i year Es Li mated ac’.ua: exposure in 
Gemun nuclear power plants m Germans 2 5 <nS>\ per exposed per 
son 


Mortality and cancer risk: ep»dem*ok>great studies 

So tar. few data arc available on mortality or cancer inci¬ 
dence cf living personnel An early study by Hoitrerg and 
Blond [I?] showeo elevated hospitalisation rates among 
L'S Navy pilots due to certain types of cancer. However, 
nospitahsation rates are of limited value in the assessment 
of morbidity or incidence rates. A potential selection bias 
is the good surveillance ut the health status of pitots, which 
might lead to an increased hospitalisation rate. Thus, this 
study cannot be used to investigate whether cancer rates 
are greater among pilots 
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A -.mall number of analytical epidemiological studies 
has been published. There are 11*0 reports on proportional 
mortality ratios 1 PMR 1 among pilots ];4. 15j. one regis¬ 
try-based study nn occupation and malignant melanoma 
[ 161. several cohort studies amors:civil pilois {1 7 -l9i_ and 
one cohort study among crew; f HOI - Recently. a co¬ 
hort study among members of the US Air Force 2 11 and 
a set of case-control srudles on brain tumours .22. 231 
within this group base been puhiished An overview of 
these studies is presented in Tables S-3. 


The proportional momliiv siidies 

In 1991. Salisbury et a). ; U| reported proportional mor¬ 
tality rates among pilots n British Columbia, in total. Ul 
deaths in men whose usuai occupation was listed as 
pilot' were included in the analysis. The authors reported 
a markedly elevated risk for aircraft accidents. The n;k for 
artherosclerotic heart disease was decreased. Cancer r.sks 
werenon-sigtiificantly elevated for cancer of the colon, the 
brain and the nervous system as well as for Hodgkin's dis¬ 
ease Isee Table 1;. 

In 1992. Irvine and Davies f 151 reported results 
from a proportional mortality study among British pilots. 
The distribution of causes of deaths in this group and ihe 
British general population was compared. The study in¬ 
cluded 411 deaths among pilots serving or retired irom 
British Airways during 1966 and 19X9. Thev reported a 
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small excess of all cancer combined (PMR = ! .3 1 ) and a 
reduced risk for circulatory and respiratory disease. The 
risk of lung cancer was not increased among the pilots, 
hut a small excess w as observed for malignant melanoma 
|6 cases), colon caneCT t|5 cases! ami brain cancer 
'9 case*). 


Source: https://www.industrydocuments.ucsf.edu/docs/smjj0001 
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Lmort studies 

In i v) l >0. Banc it al j IT; reporter result' lrum a vinail ■>■■>- 
hurl stilly jmenc all male pilots emfih'tedhv CP Air. Can¬ 
ada, since 1950 The >tudv population included 'MS eli¬ 
gible pilots, of wnom tiSo were still actr. e at the end os' the 
tnllow-up tr October 1958 The identification of the co¬ 
hort was done through company records, and the follow- 
up was successful for 0" 6'T of tne employee'. Standar¬ 
dised mortality ratiew (SMRi and standardised incidence 
ratios (SIR / w-ere used to compare mortality as well as can¬ 
cer incidence of the cohort with that of the general popu¬ 
lation Some ^ I pilots had died be tne end 01 the follow¬ 
up. and 57 incident cancer cases were ascertained Statis¬ 
tically significant increased mortality rates wore obsened 
for aircraft accident;, for recral cancer ■ SMR = A 35 > end 
tor brain tumour'SMR =a )7 ( . The cancer incidence rates 
were significantly increased for non-melanoma skin can¬ 
cer iSIR - 1.591. for Hodgkin's disease iSIR = A 54) and 
lor brain tumour SIR - f 451 Furthermore, non-sienili- 
cartiy iicreascd incidences were observed for melanoma, 
rectum and prostate cancer. However, all rate estimates 
were based on small numbers, which the authors regarded 
as the principal limitation of the studs 

Recently. Band ct al f 18) reported results from a larger 
cohort o' Air Canada pilots. All male diIo; « w ho were em¬ 
ployed for a: least 1 year since 1950 and until 1992 were 
included in this s^S(fv The't T~-41) pilot' contributed some 
02 bOl) person years. PY ) ut observations to the .study. The 
methods of data collection and statistical analysis were 
similar to those of their prav inus investigation in l'A)() 115] 
Decreased mortality rates were observed for all causes of 
death, for all cancers ( SMR = 0.61 i and for al) non-cancer 
diseases combined Similar io the pres .ou- study, there was 
a significantly increased mortality ’nun aircraft accident, 
'SMR = 26.57 ■, Howe'er, no particular cancer was asso¬ 
ciated with a significant increase in the mortality rates, 
m contrast, the mortality of lung cancer an much lower 
than expected i SMR = 0.25 S The incidence rates were de¬ 
creased for al! site-specific cancers combi led (SIR - 0'1 1 . 
for rectal cancer 'SIR = 0 42). lung cancer 'SIR = 0.28) 
and hiadder cancer 'SIR = U.36I Significantly increased 
incidence rates were observed for prostate cancer I.S1R - 
I 87) and for acute myeloid leukaemia ( SIR = 4 T2> Non¬ 
significant increases were seen for malignant melanomas, 
brain tumours and for all types of leukaemia conicnned as 
well is tor non-chrome ly mphoid leukaemias. The authors 
concluded that in particular leukaemia incidence and mor¬ 
tality should be followed up more closeiy. 

In I 993, Kaji et al. 119| performed a cohort xtudv among 
2327 cockpit crew members registered ut Japan Airlines 


pel ween |s>52 unc tos.x Th e •n.irtjliv aie. "i -he yew 
member' ''ere :. nx.uec tv' those ..j general' ,'apancsc 
population Using SMKs By me end o: ihe todow-up, nnK 
2 5'T <59 perso-isi of the cohort individuals hati died Tne 
authors reported a much lower overall SMR for the pilots 
'MR =i)nh ! Tbe% '.»LinJ Jitferens'e'in'ome cause-'de- 
cific mortalitv mie': mainly those due to accidents were 
.-.creased SMR = 2 43' Death rates Rom cancer were sim- 
;a: to ’.mice of the general population i SMR = 0 .X 7 1 . while 
deaths ’mm coronary heart disease' were reduced. Due to 
tne small numbers details cm specific types o: cancer were 
not reported The investigators mav have faced particular 
dtfncultie' with the follow-up ut this study. 

In Iy9(5. Gravson and Lvons |2I| msesfieated cancer 
"lenience in the US Airforce aircrew' This cohort studv in- 
c luded all men who hac worked for (he Airforce for at least 
I sear between Jumiury 1975 and December 1989. thus in¬ 
cluding more than 200 000 persons Cancer incidence was 
compared to the SEER standard population data (US can 
cer regi'tnes) art! among two depopulations (aircrew \ s 
other officers >. Some information on job history was avail¬ 
able but not utilized for this analysis Overall, ihe age-ad- 
lu.sted cancer rale among the aircrew was slightiy but sig¬ 
nificantly elevated (SIR = 1.19). The authors also reported 
a significantly elevated SIR tor -.kin neoplasms and un- 
nurs bladder cancers 'compared with SEER rates'. De¬ 
creased SIRs were observed for Hodgkin's disease. None 
of the other cancers showed significant differences Inter¬ 
estingly, brain tumour and leukaemia rates were slightly 
i but not significantly i lower than in the general popula¬ 
tion. Relative to other (non-flying! officers, the overall 
cancer rates were significantly increased among the air¬ 
crews iRR = i.31). Most site-specific cancer rates were 
clighily increased for the aircrew, with significant eleva¬ 
tions for testis and urinary bladder cancer. 

S'mdai to the findings of Irvine and Davies [ 15| with 
regard to proportional mortality rates, an excess oi total 
cancer incidence was found in this study. However, the ex¬ 
cess rates for cancers of the colon, rectum and brain and 
for leukaemia seen in other studies could not he confirmed 
Up to now. the study by Grayson and Lyons [211 has beer. 
:he only one using internal comparisons, w hich is likely to 
decrease the effects of confounding factors such as socio¬ 
economic status. However, there may be manifold differ¬ 
ence' between airforce and civ il pilots. The authors did not 
comment on e g. flight hours or years in servtce of the co¬ 
hort members. Furthermore, they noted that the aircrew co¬ 
hort was relatively young 

In this cohort a nested case-control study on brain tu¬ 
mours |22) was earned out to evaluate the nsk associated 
with the exposure to ionising and non-ionising radiation 
'Table 3). All brain cancer cases of the total cohort were 
included and compared with matched controls. Exposure 
assessment was done using a job-exposure matrix for elec¬ 
tromagnetic fields 3nd dosimetry records for ionising ra¬ 
diation. However, such records were available for only Vk 
of the cohort members. Pilots were designated as possibly 
exposed to electromagnetic fields, but it has not clearly 
been stated in the publication whether ionizing radiation 
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- doses were assigned to them. There was in overall signif¬ 
icantly increased odds ratio 1 OR 1 tor evpiwaie '••' '"•■ 
quency electromagnetic :’ie!d> <OR - l.2> end to rado- 
freipjencWmicrowavc field: tQR - 1 .'di. bat no associa¬ 
tion of brain tumours with exposure ii' ti'n-.s-.ne radiation 
.qr - 0 56t In order to address the brain cancer risk of 
the aircrew directly, a further evaluation [231 compared 
cases among aircrew with cast's among the non-tikh; P l 
sonnel. The unadjusted OR was I, .■ 7 and decreased tc 1 _2 
after adjustment for socio-economic states. This (act made 
the authors conclude that differences in social status may 
also have confounded previous positive study results 

In Finland, a cohort study was recently performed 
amon" 1577 female and 187 maie cabin attendants who 
starred working for Finnatr between Iduti ana ;9‘)2 and 
were still alive in 1967 (20|. A statistically significant ex¬ 
cess of breast cancer i SIR= 1.87) and hone cancer I SIR = 
15,10) was observed among me female employees. The 
breast cancer risk was most prominent 15 years after re¬ 
cruitment. The n*k of leukaemia and skin melanoma was 
non-sicnificantiy increased The authors concluded that 
iomsina radiation during flights might contribute to the 
cancer risk. However, the radiation doses of cabin atten¬ 
dants seemed to be too small to account entire.v for the ob¬ 
served excess rssk provided that present risk estimates for 
radiation effects are valid for cosirue radiation. The poten¬ 
tial confounding influences of reproductive factors suvh as 
late firsi birth and low parity were considered in the dis¬ 
cussion 

In a letter, Lyngc 241 reported an increased risk of 
breast cancer incidence among Danish femaie cabin atten¬ 
dants on the basis of cancer registry data. The non-signif- 
icam SIR wa> 1.61. thus higher than in wicijJ class I OR 
1.4 1 . The overall numbers, however, were small 

_ r _ 

Discussion and conclusions 

In any PMR study only the relative distribution of causes 
Of death is compared Neither age nor duration o; follow - 
up are taken into account Studies ot proportional moral¬ 
ity can thus only indicate possible differences m the dis¬ 
tribution of causes of death The conort studios per.ormed 
so far have had different limitations, mainly due to the high 
survival probability and the limned exposure assessments 
performed. The young age of the cohort members makes 
it difficult to study agi-dependenf health effects such as 
cancer. With the exception of one study |2I). no internal 
comparisons have beer made, thus leaving a large number 
of potential confounders not taken into account There > 
a lack of exposure assessment (e g. dosimetry of ionising 
and other radiations) in all current studies except the one 
canted out by Grayson [221 

The cohort studies show a very high healthy-worker ef¬ 
fect and an increased risk of aircraft accidents. The results 
for cancer mortality are inconsistent: only brain tumours 
appear to be slightly elevated in most of the studies. The 
overall cancer rates are sometimes below, sometimes above 
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average. Mainly because of the very small number or ca¬ 
ses no clear picture bis evolved concerning leukaemia, a 
tvpe of cancer that is known to be associated with tumsing 
radiation. 

Thc studies of cancer incidence do not yet y ield a cun- 

clusive picture. Various ore-specific cancers with in¬ 
creased incidence in one study did not show comparable 
increases m otner investigations The finding ot elevated 
breast cancer risk among cabin attendants deserves further 
attention, but it probablv cannot be related to occupational 
risk factors only. The authors of all cited papers interpret 
their results vvith great caution and urge for further inves¬ 
tigations of larger cohorts 

Future -.tudies w ill have to consider comparisons with 
other than the general population and should be based on 
data including exposure measurements and dose calcula¬ 
tions or at leas; the duration of employment of the cohort 
members. More reliable indr. idual information on job his¬ 
tory. lifetime flight-hours and routes flown as well as on 
potential confounders - in particular, the reproductive his¬ 
tory of the female (light crew - will help to estimate can¬ 
cer ar.u other health risk.-, o' pilots and (light attendants 
more precisely. 

In nine European countries new studies are under wu_. 
or planted to investigate the cancer risk among aircrews 
further A ness British study has iust been completed. The 
Nordic countries - Finland. Sweden, Denmark, Norway, 
Iceland - are currently performing an incidence study t re - 
suits expected ;n late I99Ki and are also participating in a 
•om: European cohort mortality study This project is sun- 
ported by ihe BIOMED 2 programme of ihe European 
Commission and aims at homogenizing the study design 
of the national studies and facilitating a pooled analysis of 
the data. Each country will perform their cohort investiga¬ 
tion on the basis of a common core protocol. Through ihe 
combined analysis, this overall cohort will be the most 
powerful to date to evaluate late effects associated with 
these occupations. The exposure assessment will be based 


Source: https://www.industrydocuments.ucsf.edu/docs/smjj0001 
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on occupational history data. The participacing countnes. 
study periods, and numbers of persons enrolled in the re¬ 
spective cohorts are given in Table a. Power calculations 
as presented in Table 5 are based an a common follow-up 
period from I960 to 1996. Among phots, some 20 brain 
cancers and 2? leukaemia cases wiil be expected using the 
age distribution described. Similarly. 25 brain cancers. 26 
leukaemias and 242 breast cancers are to be expected 
among the female flight attendants. Thus, for externa! 
(SMR i comparisons, risks of the order of 1.1 tall cancers i. 

1.6-1.7 1 brain cancer i. 1.6. .eukaemia) arid 1.2 1 breast can¬ 
cer lean be delected w id- sufficient statistical power Power 
calculations for relative risk (RRi estimation* comparing 
two exposure groups 'low versus htght are additionally 
presented in Table 5. 

For the detecna)fbf even smaller risk' trial might be ex¬ 
pected purely on the basis of current radiation risk estima¬ 
tions (e.g- a relative nsk of I l-i 2 for leukaemia assum¬ 
ing h lifetime cumulative dose of 100 m.Sv rnr a pilot Hy¬ 
ing trans-Atlantic routes l. the ongoing studies are not likely 
to have sufficient power. Nevertheless, important informa¬ 
tion on the overall impact of (he specific occupational en¬ 
vironment of aircrews will be gamed and possibly also lead 
to a better understanding of the way different factor- inter¬ 
act and influence health and disease among pilots and cabin 
attendant. 
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